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Description 

The present invention relates to the improvement of binders for the formation of a coat layer, which ere 
used in the method for the manufacture of molds where a refractory coat layer is formed on a mold pattern 
5 (hereinafter referred to as "pattern") and thereafter the pattern is taken off and the refractory layer is fired to 
obtain a desired mold. 

In general, the refractory coat layer Is formed on a pattern as an accumulative structure by repeating a pro- " 
cedure comprising coating sakJ pattern with a liquid binder or a mixture slurry comprising the liquid binder and 
a refractory powder, sanding, rf desired, drying and hardening the thus obtained coated layer, untB a desired \ 
10 thickness is obtained for an accumulative layer. 

One of the remarkable improvements in the precision casting technique where the molds as obtained by 
the formation of the said refractory coat layer on the pattern are used was the Improvement of binders for molds, 
and the other was the improvement of pattern materials. 

The improvement of the pattern materials has been developed mainly for the purpose of the improvement 
is of the moldabilfty, dimension stability and strength or of the reduction of the cost ; and for example, blends of 
various kinds of waxes or waxes as Improved by the addition of a flux as well as improved materials of naphtha- 
lens, plastics or ureas have heretofore been proposed, in particular, urea-type materials are water-soluble and 
have both high strength and high dimension stability and further are inexpensive, and therefore, a lot of these 
materials have been used as these are almost satisfactory materials, although some careful attention is to be 
20 paid to the moisture in air in the treatment of the materials. 

On the other hand, numerous kinds of proposals for the improvement of the binders have heretofore been 
made, but no sufficient improvement has been attained as yet, up to the present In the initial stage, aqueous 
sillcasols, alcohol sllicasols or ethyl silicates have been used. However, when kept in contact with water-soluble 
patterns, the aqueous silteasots corrode the surface of the patterns. Regarding the alcohol sNcaaols, any high 
25 strength cannot be imparted to the green molds before fired, and the molds are apt to be broken in the operation 
for the removal of patterns. The ethyl sllcates cannot foim fired molds of high strength. In addition, the binders 
obtained by the hydrolysis of the ethyl sllcates are poorly stable, and therefore, it is difficult to manufacture 
molds of a certain quality from these binders. 

Japanese Patent Publication No.32482^3 has proposed a binder which contains a colloidal silica and a 
so hydrolyzed alkyi silicate and which is free from water, by Wending an atkyi s01cate and an appropriate amount 
This binder, however, is not so stable as being able to be 
of time, and further, when kept in contact with the surface of a pattern made of a water-soluble material, this 

^^^^Z^\^^409^ nas proposed a binder with an improved stability, which com- 
« prtoearcelloMalaa^ 
Sr ^binder i.^ 

^Z^nlX^^ has proposed s«, snother proved binder .wH^ comprises 

Z***Z L of 1 Debve or less and 8-30% of an amino group-containing organic functional hydrophillc 

fZ^Z^^^ of the precision casting technique. This Is esnecy because, when ^moH 
Z^ZZl ibVttia use of this binder is used for casting, the surface of the casting is made rough. Further. 

m Syera^ 

metal is put thereinto. Thus, the use of this binder causes various unfavorable results. 
Tr*Sfkltyin^ 

SC^rTobabed wHh the Mnd* mi Mt to mold, after fired have no defect,. 
w lUMARV OF THE INVENTION 
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as obtained by the um ofZ^ e ^^^ m ^^"I' 9h *T to ** d <»* e-Ungs 
DESCRIPTION OF THE PREFERRED EMBODIMENT 

» (a) : 5-50 parts by weight (In terms of SIOj) of an organo-sllicasol ■ 

^Ll^Jf 8 by * 8lSh,0fin »" tyl " i<a,to ' «** POlysnfcate raving . polymerization decree of 2-10 
an -M-tnalkoxysiane. an aryMriallcoxyalane (In which the alky, group ar^me a.koxy^ro?p Z* hale 
M cjrton atoms ; «he aryl group has 6-8 carbon atom. ; and any of the alkyl 8 ro up . ^alto™ P ,™ 
me aiyt group do not have an amino group) or a mixture thereof -and <■>• ai*oxy group and 

S : ! « ^ * ""!? ht * 8 ■*«»*««* «"lne. The Nndera'may optionally contain ; 
Further embodiments of the present invention are set in claims 6, 10 and 16. 

The organo-sllicasol to be used in he binder of the present invention Is a dispersion of a surface silanol 
Oroup^ntalnlno colloidal silica having an average particle .be of 5-100 as ^dhwioWcJSl^ 
solvent The Si0 2 concentration in the organo-sillcasol is preferably 5-60% by weight or so. Examples tfpr* 
ferred organic solvents are aliphatic hydrocarbons such as hexane or heptane, aromatic hydrocarbons such 
as toluene or xylene, and other alcohols and ethers. In particular, in case a water-soluble pattern is used the 
sols of the aforementioned hydrocarbon solvents are preferred. The usable organosols preferably have a low 
watar-content, which is generally 5% by weight or less, especially preferably 1% by weight or less. The orga- 
no-alicaaois may easily be obtained in a conventional manner, for example, by a method where water of a dis- 
persion medium in an aqueous siilcasol Is substituted by a hydrophlic solvent by distillation or a method where 
the solvent as substituted in the former method is further substituted by a hydrophobic solvent or a hydrocarbon 
solvent by distillation. 

The alkyl sHicate to be used in the binder of the present invention is an alkyl ester of silicic acid or poly-siliclc 
add having a polymerization degree of 2-10 or so or a mixture thereof. Examples of the alkyl are methyl, ethyl 
propyl and butyl. Preferred examples of the alkyl silicates are ethyl silicate and isopropyl silicate. For the ethyl 
silicate may be used a commercial product of "Ethyl Silicate 40"®. 

The aikoxy-organosliane to be used in the binder of the present invention has a structure of the afore-men- 
tioned alkyl silicate molecule in which one alkoxy group per one silicon atom is substituted by a substituted or 
unsubstituted hydrocarbon group. Examples thereof are methyltriethoxysBane. ethyltrimethoxysllane and 
phenyltrlmethoxyslane. The binder-soluble amine to be used in the binder of the present invention is compound 
containing one or more of basic nitrogen atoms In the molecule. The examples of these amines are plperidine. 
benzyl amine, dlbutylamlhe, morphollne, aJkanol amines such as ethanolamine, N-methylethanolamine, 
dlmethyiemanoJamlne, amlnoethylemanolamlne, diethyieneethanoldiamine, diethanolamine, amlnoethyl-die- 
thanolamine, tert-butyleneglycolamine, triethanolamine, y-(2-aminoethyl) amino propyl trimethoxysilane, y-am*. 
nopropyi-trtathoxysBane. bis [3-{triethoxysiyt)propyq amine. 

Examples of the alkoxidea of Ti, Zr, Sn, Al or In to be used in the binderof the present Invention are titanium 
tetralsopropoxlde, zirconium tetraisopropoxide, tin tetrabutoxide. aluminium triisopropoxide and indium 
tributoxide. 

These aJkoxy-organosilanes, soluble amines and alkoxides of TI, Zr, Sn, Al or In are easily available as 
commercial products. The binderof the present Invention comprises an organo-sllicasol as the component (a), 
an alkyl sSicate, an alkoxy-organoslane or a mixture thereof as the component (b) and a soluble amine as the 
component (c) and an aJkcxJde of TI, Zr, Sn, Al or In as the optional component (d), and the proportion of each 
component In the binder is 5-50 parts by weight of SfOj of the component (a), 1-50 parts by weight of the com- 
ponent (b) and 1-30 parts by weight of the component (c) and optionally 1-30 parts by weight of the component 
(d). The present binder may easfly be obtained by uniformly blending these components. In a special case 
where an amino group- or imlno group-containing aikoxy-organosDsne Is used as the component (c). the com- 
ponent (b) may be omitted. No heating is required In the admixture of the above-described components, and 
it is preferred to blend the components in the absence of water. In addition to the above-described components, 
any optional additives such as water-repellent agent, anti-rbaming agent, coloring agent and solvent may be 
added to the binder of the present Invention, so far as the object of the present invention may be attained. Usable 
solvents are those which may uniformly dissolve in the solvents of the organo-slicasols and which may dissolve 
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alkyi silicates, alky) pofysBIcates, aJkyMrialkoxysilanes, aryl-trialkoxysaanes. amines and alkoxides of Tl, Zr. Sn, 
Al or In ; and examples thereof are hexane, heptane, toluene, xylene, alcohol and ether. 

The hardening of the binder of the present Invention Is caused by absorption of water and remove} of the 
solvent, whereby a strong binding strength is imparted to the green mold and the mold becomes to have a higher 
8 strength after fired. 

The binder of the present invention Is a composition comprising the afore-mentioned components (a), (b) 
and (c) in a specifically defined proportion or a composition comprising these components and additionally the 
component (d) in a specifically defined proportion ; and the present binder may display an extremely favorable 
effect in the manufacture of casting molds, especially in the hydrolysis or drying step as well as in the firing 

10 step, on the basis of the synergestic effect of the afore-mentioned components 

The component (a) In the binder of the present invention is effective for imparting a high strength to the 
fired mold, and in particular, this may impart an extremely high strength to the moid while hot during the pouring 
of a molten metal thereinto, this may improve the hardness and the fineness of the surface of the mold which 
is to be kept in contact with the molten metal* and further, this is effective for preventing the occurrence of fine 

is cracks in the coat layer during the step for the formation of the coat layer on the water-soluble pattern, especially 
during the step of drying the layer. However, such binder as comprising only the component (a) or a mixture 
of the component (a) and the component (c) which is selected from other amines than alkoxy-organosilanes 
having an amino group or an tmino group in the molecule, such as pipsridine, cannot impart a high strength to 
the green moid. Further, a favorable drying of the coat layer is difficult by the use of the binder comprising a 

20 composition of the components (a) end (b) only, because of the slow hydrolysis of the binder. 

in the binder of the present invention, the component (b) is effective for imparting a high strength in the 
dry coat layer as formed on the pattern, whereby the breakage of the layer during the removal of the pattern 
therefrom may be prevented and also the breakage of the resulting green mold during the handling operation 
thereof may be prevented. However, the binder comprising the component (b) only is unfavorable because of 

25 the slow hydrolysis thereof ; and the binder comprising a mixture of the component (b) and the component (c) 
which is selected from other amines than amino group- or Imino group-containing organo-aikoxyallanes, such 
as plperidine, cannot Impart a high strength to both the green mold and the fired sold. 

In the binder of the present invention, the component (c) is effective for accelerating the hydrolysis of the 
component (b) and further, when the present binder is dried in the coat layer, this may act to accelerate the 

30 synergestic bond due to composite of the components (a) and (b) whereby a favorable hardened body may be 
formed, in addition, the binder which has been made speciaBy uniform by the addition of the binder-soluble 
component (c) may uniformly harden, whereby the occurrence of local strength faults in the mold may be pre- 
vented. However, such binder as consisting of only the component (c), which is selected from amino group- or 
imino group-containing alkoxy-organoslanes, cannot Impart a high strength to the fired mold ; and the single 

36 component (c) other than the afore-mentioned aik<wy-organos8anes, such as plperidine. has no blndabDity. 
When an amino group- or imino group-confining alkoxy -organlsflane is used as the component (c). this may 
co-operate with the component (a) to display the favorable Wndabllty in the binder because of the hydrolytic 
bindance of the said component (c) Itself. In a special case, a favorable binder may be obtained even if the 
component (b) is omitted. 

40 In the binder of the present Invention, the component (d) is effective for retarding the gelling of the coat 
layer containing the present binder, when the coat layer is dried, and for preventing the probable occurrence 
of fine cracks during the drying stop, and thus, more preferable green molds and fired molds having a sufficient 
strength may be obtained by the use of the binder containing the additional component (d). However, the com- 
ponent (d) Itself cannot foim a film but is easy to become powdery, when hydroiyzed and then dried and har- 

« dened ; and this per se does not have any favorable bindablity. Accordingly, such binder as containing only 
the component (d) but not containing the aforementioned components (a), (b) and (c) does not have a favorable 

In the binder containing the afore-mentioned components (a), (b) and (c) and optionally the component (d), 
If the content ratio of the component (a) is too high, as providing more than 60 parts by weight of SlOa in the 

so binder the stab i fry of the binder becomes poor ; but on the contrary, if the content ratio la too small, as providing 
less then 5 parts by weight of SKh In the binder, the effect of the binder of the present invention, as mentioned 
m the above cannot be attained. Regarding the component (b). the high content ratio thereof, as exceeding 
50 parts by weight, wff result In the relative reduction of the content ratio of the component (a) : but on the con- 
trsrTrthe cor^ntratto is less than 1 part by weight the characteristic of the r^ftir^ Wrnterwill becorn^ 

55 Regarding the component (c). If the content ratio Is less than 1 part by weight, the eforeWioned effect of 
^component (c) wiil become in*iffldent ; but on the contrary, the higher content ratio thereof. "«cceedjng 
30 parts* weight, wffi nssutt in the relative reduction of the content ratio of each of *™™*™<fto «* 
(b) and therefore is unfavorable. Regarding the component (d). the content ratio themofHsjiroperly 1-30 parts 
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by weight In order to Impart the favorable characteristic to the binder. 

As noted from the shove description, the binder of the prssent Invention is characterized by containing the 
component (a) In an amount capable of providing 5-50 parts by weight of SIO, in the binder, the component 
(b) in the amount of 1*60 parts by weight and the component (c) in an amount of 1-30 parts by weight or by 

5 further confining, in addition to these components, the component (d) in an amount of 1-30 parts by weight 
Whan a conventional binder, for example, comprising 30-60% of ethyl silicate. 20-50% of xylene andB-30% 
of y-aminopropyitriethoxysDane is used to form a coat layer on a pattern made of a water-soluble material and 
another coat layer containing a binder of an aqueous silicasol is superposed thereover and dried, needle-like 
or feather-like crystals appear on the surface of the coat layer ; and if the fired mold prepared from the coat 

10 layer having such crystals on the surface thereof ie used for actual casting, the surface of the obtained castings 
will be rough. The appearance of the afore-mentioned crystals is considered to result from the phenomena that 
moisture reaches the surface of the pattern through the coat layer and dissolve the said surface, and, when 
the solvent in the coat layer is removed out by drying, the component dissolved out from the surface of the 
pattern Is together moved up onto the surface of the coat layer and the dissolved component crystallizes out 

is on the said surface. Accordingly, the appearance of the afore-mentioned crystals on the coat layer after dried 
means that the surface of the green mold before fired, which has the coat layer formed by the use of the con- 
ventional binder as mentioned above, already Involves the cause of the occurrence of the surface roughness 
and that the strength of the moid is lowered. Further, the appearance of the afore-mentioned crystals on the 
surface of the coat layer means that the coat layer formed by the use of the said conventional binder is highly 

20 water-permeable. 

On the contrary, when the binder of the present invention, which comprises the afore-mentioned compo- 
nents, is used, in particular, when the binder of me present invention, which contain a hydrocarbon solvent- 
siiicasol as the component (a), is used, any crystals as mentioned above do not appear at all on the surface 
of the coat layer as formed on a water-soluble pattern. Further, when a fired mold obtained from the coat layer 

25 is used for actual casting, no roughness occurs on the surface of the formed castings. The binder of the present 
invention is highly stable, as comprising the afore-mentioned components in a specifically determined propor- 
tion, and further, this may rapidly harden during the drying of the coat layer. The binders of the present Invention 
have no problem at aii in all of the step for the formation of the coat layer on a pattern, the step of drying, the 
step of removal of the pattern, the step of drying, the green mold, the step of firing and the step of pouring a 

30 molten metal, and therefore a complete precision casting is possible with the mold formed by the use of the 
binder of the present invention. 

The present Invention wfl) be explained m greaterdetail be reference to the following examples, which, how- 
ever, are not intended to be Interpreted as limiting the scope of the present invention. 

35 Example 1 ; 

800 perts by weight of xylene-slilcasol containing 23% by weight of Si0 2 as dispersed In a dispersion 
medium of xylene, as an organo-silteasol. 160 parts by weight of methyl triethoxysilane and 40 parts by weight 
of plperldlne were uniformly blended to obtain a binder (A). 
40 Thabinder<A)wascoatedonagl^^ 

humidity of 50% for 25 minutes, whereby a hardly gelled, glossy end transparent film was formed on the glass 

^5000 parts by weight of Zircon Rower #3500 was added to 1 000 parts by weight of the binderJA) and blen- 
ded to obSTa slurry W and In the same manner, 4800 parts by weight of Zircon Rowerj^ was added 

a wa^-^te urea powder was heated and molten at 15O-170*C and poured Into a mold to form a wa er- 
s^^^^gTZd^ of 20 mm, a length of 100 mm and a tlckness of 10 mm. Next, stucco matenais 

torsa^C^^ 

^ fSrsTcoat layer, which was sanded and thereafter dried : and then, the pattern with the first coat 
50 Ser v^ippe? inthe Jurry (A,) and then taken out thereftom to form a second layer thereon, which was 
KaVd Rafter drtaTtn "the same manner, 3rd to 6th coat layers were formed by the usaofthe^ 
Z as accumulated in order. In the last place, a 7th layer was formed by dipping in the slurry (Aj). This 7th 
layt n* sanded and dried direcdy after the dipping. Thus, an accumuistfve coat layer was formed on tte 
X^ne stucco materials as used in the sanding as well ..the drying condition, in the formation of the 
55 afore-mentioned accumulative coat layer are given In the following Table- 1 . 



5 



EP0 207 864 B1 



Table- 1 



5 


Nunber of 
Accuaula- 
live Layer 


Stucco 
naterial 


Dryinj condi tion 
Teaperature Relative 
( • C) hmiiiitvm 


Tine (hi 




1 


Zircon 
Sand «80» 


25 


50 


3 




2 


• 


25 


50 


3 


15 


3 


High alumina 
sand (particle 
size: 0.5oa) 


25 


50 


3 




4 


• 


25 


50 


3 


20 


5 


• 


25 


50 


3 




6 


■ 


25 


50 


3 




7 


None 


25 


50 


48 



25 



The formation of the above accumulative coat layer was repeated for 20 times, end the reproducibility was 
extremely good in every case. The pattern aa coated with the coat layer formed above was dipped in water at 
25'C for 120 minutes, whereby the pattern easly dissolved out, and the hardened product made of the 
accumulative coat layer was taken out from water and dried at room temperature, to easily obtain a green mold 
so Next, the green mold waa cut with a diamond cutter to obtain ten test pieces therefrom. Five pieces among 
them were used for the measurement of the strength of the green mold In the bending strength test • and the 
remaining five pieces were fired In an electric furnace at 1000*C for 1 hour and then left cooled to ambient tem- 
perature, flatter pieces were used fc^ in a bending strength 
test 

35 As the result of the meaaurenent. the bending strength of the green mold was 28.6 kg/cm* in average ; 
and the bending strength of the fired mold was 55,4 kg/cm 2 In average. 

Example 2 and Comparative Example 1 : 

40 In the same manner as the Example 1 , binders (B) through (H) each comprising the following composition 
were obtained. The binders (B) through (F) are the samples of the present invention ; and the binders (G) and 
(H) are comparative samples. The binder (G) is a hydroJyzed ethyl silicate. 



46 



50 



55 
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16 



20 



(B) Xylene-silicasol (SiO, 23X> 700 parts by weight 

r - (2*a«inoethyl)a»inopropyl - triaethoxysi lane 

200 - 

Isopropyl ortho-titanate 
(0 Xylene-silicasol (Si0» 23» 

T -Aainopropyltriethoxysilane 
(D) Xylene-silicasol (S10, 21X) 



25 



N-»ethyI«thanolamine 
Ethyl silicate 40 
Toluene 

Isopropyl ortho-titanate 
(E) Xylene-silicasol (Si0 2 17J0 
Benzyl amine 



100 ' 

800 parts by weight 
200 * 

560 parts by weight 
20 ' 
200 " 
170 * 
50 ' 

615 parts by weight 
30 ■ 



Ethyl silicate 40 
Tin tetrabutoxide 

(F) n-butanol-silicasol (Si0 x 25%) 
Methyl - trie thoxys i lane 
Piperidine 

(G) Ethyl silicate 40 
Ethanol 

0.4X-hydrochloric acid 

(H) Ethyl silicate 40 
Xylene 

Isopropyl ortho-titanate 

T -aiinopropy 1 - trie thoxys i lane 



250 ' 
105 * 

800 parts by weight 
160 ' 
40 " 

748 parts by weight 
183 " 
69 * 

441 parts by weight 
353 " 
103 ■ 
103 ' 



Next In the same manner as the Example 1 . 5000 parts by weight of Zircon Flower #350 was added to 
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10 



(H) to obtain tfutria* of (BO through <H.) N^ln ttT^!. P"*» of each of the binders (B) through 

was formed on the ^^^u^^^^^^^^^^-^ «« iayl 
each containing the aama binder waroZda" *t «S I^^T cwrMpondin 0 »"» W* of slurries 
cribed In the Table 1. The M^n^lTttobZTj*?* ^ "™ " "* ^""^ 1 - " 
wa. good and no problem occ^ tZ^^Z^l^L™ ™ *«> 88 *• 
However, th. groan mold obtained by £ ZTl^Z^'^^ T moldi " Bre obtained. 

^.b,ng,hof*.i£„^^ 
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Table-2 






Group 


Binder as 
used 


Bending strength 
of green cold 


Bending Strength 
of fired mold 

(k«/cB«) 


20 


Present 
sample 


(B) 


39.8 


50.9 


25 


• 


(0 


28.2 


54.1 




m 


(D) 


36.5 


54.5 




■ 


(E) 


32.8 


62.4 


30 




(F) 


a 3 


56.2 




Cooparative 
sample 


(0 


26.6 


25.1 


35 


m 


(B) 


33.8 


42.1 



Analogously to the results of the afore-msntioned Example 1 , it is noted that the fired molds obtained by 
the use of the binders of the present Invention have an extremely higher bending strength than those obtained 
by the use of the comparative binders. 

Example 3 : 

A binder (J) of an aqueous sBJcaaoi containing 30% by weight of SiOj was prepared, and 1000 parts by 
weight of the binder, 3500 parts by weight of 2rcon Rower#200G, 0.3 part by weight of a surfactant and 0 03 
part by weight of an antMbaming agent were uniformly blended to obtain a slurry (J,). Apart from this, the same 
water-soluble pattern was formed as the Example 1 . 

Next, the slurry (A!) of the Example 1 was used, and the above water-soluble pattern was dipped therein. 
After taken out therefrom, the coat surface was sanded with a stucco material of Zircon Sand #80 • and then 
dried in air of temperature of 25*C and a relative humidity of 50% for 3 hours, to obtain a first coat layer on the 
water-soluble pattern. Subsequently, the pattern with the first coat layer was dipped in the slurry (J«) and then 
taken out therefrom to form a second coat layer, which was sanded with the same stucco material as above 
and then dried under the same drying condition as above. Next a third layer was formed on the second layer 
by dipping in the slurry (J,)- After taken out from the slurry (J,), the surface of the third layer was sanded with 
a stucco material of chamotte sand having a particle size of 0.5 mm and then dried in air of a temperature of 
25»C and a relative humidity of 50% for 24 hours. Thus a three layer-accumulative coat was formed on the wa- 
ter-soluble urea pattern. 

About 2/3 of the part of the coat layer of the pattern was dipped in water at 25*C for 10 minutes while the 
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part of the pattern body was kept out of contact with water, and thereafter the pattern was taken out from water 
and dried Jn air at normal temperature for 48 hours. After dried, the appearance of the surface of the coat layer 
was observed, with the result that no crystals were found therein. It is apparent therefrom that the water-proof- 
ness of the first coat layer Is extremely excellent. 

s On the other hand, ail of the coated pattern was wholly dipped In water at 25*C for 30 minutes, whereby 

the pattern dissolved out Next, a hardened body made of the accumulative coat layer was taken out from the 
water and dried in air at room temperature for 48 hours, to obtain a green mold. The green moid was broken 
and the state of the surface which had been kept in contact with the pattern before the removal thereof and the 
state of the opposite surface thereof, le.. the third coat layer were observed with the naked eye. with the result 

10 that ail the surfaces aa observed were considered uniform and free from surface faults. Further, It was noted 
as a result of a band-touch test, the hardness of the surface of the green mold which had been kept in contact 
with the pattern was suffictenliy high. 



Example 4 and Comparative Example 2 : 

15 

In the same manner as the Example 3, with the exception that the slurries (BO through (H,) as prepared 
in the above Example 2 and Comparative Example 1 were used In piece of the slurries in the Example 3, a 
three-layer accumulative coat layer was formed on the water-soluble urea pattern. The samples made by the 
use of the slurries (BO through (FO belong to Example 4 ; and those made by the use of the slurries (GO and 

20 (HO belong to Comparative Example 2. The surface of the coat layer as formed on the pattern was observed 
in every sample, as to whether or not crystals occurred thereon, in the same manner as the Example 3. with 
the result that all the samples made by the use of the slurries (BO through (FO were free from crystals. However, 
the crystals occurred on the surface of both samples made by the use of the slurries (GO end (HO. end these 
samples were considered poor in the water-proofnees. 

2$ Next, green molds were obtained from the samples of the accumulative coat layers as above, In the same 
manner as the Example 3, and these were broken and the hardness and the characteristic of the surface of 
the coat layer which had been kept in contact with the pattern were observed. As a result, it was noted that the 
surface hardness was high in every sample where the slurry selected from (BO through (FO was used and 
further, all of these samples were free from surface faults ; whereas the surface of the sample obtained by the 

so use of the slurry (GO was soft and is lacking In the uniformity. In the sample made by the use of the slurry (HO. 
the surface thereof was soft and the hardness thereof was Insufficient, though the surface faults were not seen 
thereon. 

The samples of the Comparative Example 2 and those of the Example 4 were compared with each other, 
which proved that the water-proofness of the first coat layer as kept In contact with the water-soluble pattern 
35 was extremely Improved by the use of the binder of the present Invention. Thus, an accumulative coat layer 
formed by the use of an aqueous sllcasol binder may be provided on the said first coat layer to obtain a moid, 
which may be used In precision casting. 



60 



Example S : 

A water-soluble urea powder was molded In a mold at a temperature of 130-140*C and under a pressure 
of 150 kg/cm* to obtain a water-soluble psttern, and this was combinsd with other pattern parts of runner and 
gate which were separately formed from a water-soluble wex,with an adhesive, to obtain a tree. This tree was 
dipped in the slurry (GO as prepared in the sfaa-mentioned Example 2 and then taken out therefrom. This was 
sanded with a stucco material of Zircon Sand #80 * and then dried In air of a temperature of 25-C and relative 
humidity of 50% for 3 hours, to form a first coat layer on the tree. Subsequently, the tree with the first coat layer 
was dipped In the slurry (JO as prepared in the Example 3 and then taken out therefrom. This was sanded and 
dried In the same manner as above, to form a second coat layer on the first coat layer. Next. 3rd to 7th layers 
were formed thereon In order, by the use of the slurry (JO- The drying condition was same as above in every 
operation, with the exception that the drying time for the formation of the 7th layer was 48 hours. Regarding 
the stucco materials as used In the sending, chamotte sands having a particle size of 0-5 mm were used for 
the formation of the 3rd and 4th coat layers ; chamotto aands havlrig a particle size of 1.0 mm were used for 
the formation of the 5th and 6th coat layers ; and no sanding was carried out In the formation of the 7th layer 
but the 7th layer was merely dried. The surface of the coat layer as provided on the pattern was free from crystals 
as mentioned above. 

The tree aa coated according to the above process was dipped In a boiling water for 1 5 minutes to remove 
the pattern therefrom, and the hardened article made of the accumulative coat layer was taken out from the 
water and dried in at of a temperature of 100*C for 1 hour to obtain a green mold. Themner surface of the 
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green mold had a sufficient hardness and no surface roughness was noted at all in the said surface. Next this 
green mold was fired (n an electric furnace at 1000'C for 2 hours to obtain a fired moid, which was also quite 
free from any faults at ad. 

Next, a molten metal of JIS SCS 13 (at 1650«C) was poured into the fired mold and then spontaneously 
cooled. After cooled, the mold was broken to obtain a casting. This casting had a high surface smoothness 
and a high dimension accuracy. 

Example 6 and Comparative Example 3 : 

In the same manner as the Example 5> with the exception that the slurries (DO and (EO aa prepared in the 
Example 2 as well as the slurries (GO and (HO as prepared in the Comparative Example 1 were used Instead 
of the slurry (CO, coated patterns, green molds and fired molds were formed, end then the casting test was 
carried out In each sample. 

As a result, the eample obtained by the use of the slurries (DO and (E t ) was quite good analogously to the 
sample of the Example 5 ; whie in the coated pattern as formed by the use of the slurries (GO and (HO. the 
afore-mentioned crystals occurred on the surface of the coat layer, and the surface of the casting as obtained 
by the use of the fired mold was noted remarkably rough. 

In the result of the repeat-test, the reproducablllty was good In the case where the slurries (DO and (E,) 
were used. However. In the other case where the slurry (GO was used, one of ten fired molds In all was broken 
while a molten metal was poured thereinto. 

The effect of the present invention will be summarized below. The binders of the present invention are ext- 
remely stable, and almost no deterioabon Is recognized after the binder has been preserved for a long period 
of time of 6 months or more under a water-free condition. By the use of the present binder, molds of a certain 
quality may be obtained with high reproducibility. In particular, when a slurry containing the present binder is 
coated on a water-soluble pattern, especially a water-sohiWe urea pattern, and the coated partem is dried in 
a moisture-containing air, any needle-like or feather-like crystals which wl! result from the dissolution of urea 
from the pattern do not occur on the surface of the coat layer. The use of the binder of tha present Invention 
is effective for Intensifying the strength of the mold, especially the fired mold, and a complete precision rusting 
is possible by me use of me present mold. 

Further the coat layer formed by the use of the present binder Is, after dned, almost non-water-permeable. 
Therefore, when a first coat layer la once formed on a water-soluble pattern by the use of the binder of the pre- 
sent Invention, any conventional binder such aa an aqueous aflteasol may be used In the formation of the upper 
layers thereover to form an accumulative coat layer, and the mold derived from the accumulative coat layer 
does not cause the occurrence of the surface roughness of the casting obtained by toe u*^f^ 
The use of the aqueous slfcasol fa favorable for the manufacture of molds having high strength, and further, 
th,* coat for the manufacture of the molds may be reduced. 

T£toZ!Z of the pre»nt hvn«on is UMd. no problem occur* in .11 of the .lap £ taming an 
ac^athm oc^leyeron a watar-eoluble pattern. th« «t.pof removing the pattern, th. * ^ 
layer to form a green mold, the step of firing the green mold and the step of pouring a molten meal into the 
mid mold which maJt.fmmthawipn.lng characU.ri.Ucof the binder of the meant inv.nt.on. "H,. binders 
?».CeM invention may be applied no, only to a wator-sdubl. urea-type pattern buU-» ^ water- 
aolubleVattem. of a water-eofuble flux or to other watartrwdubl. pattern., for the manufacture of molds. 



Claim. 

1 A binder for a mold comprising a uniform mixture containing (a) MO parts by weight as SOj of an or- 
aanMllcMoMWI-SO parts bywelghtofanalkyl a||lcat».an^MPOlys»lcat.havlngadeg«eofpolym.nsetion 
i T^'^o^Zn .rWoxysiene, In whlc* the elk/ gmup end the elcoxy group each have 
1 1 JbonW» ftTaryf group has 8-8 carbon atom., and any of the alkyl gmup. the altoxy group end to. 
er^pTnTh^S gmup. or . mixture themof, and (c) 140 part, by weight of a HadMOtahl. 



iTh. binder for a mold »d^n-d In data. 1, wherein the organc-rtfcwol Is of a ioMM 

.Ilea navlna a particle aba of 6-100 mp. aa dispersed In haxane, heptane, benzene, xylene, toluene, propanol, 

3. The binder for a mold aa claimed In anyone of claim. 1 and 2, wherein the alkyl sliest, la ethyl silicate 

" 'T^ZSlr a mold a. dakned m anyone of darm, 1-3. wherein the alkyl poly-aBcat. h ethyl poly- 
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silicate or isopropyi poJy-ailicato. 

dibutyi-amine, morphol.ne. emanoiamine, N-rrurthylethanolamlne, dimcthytethanolamine 
aminoathylethanolafnlna. amlnoemyldtemanolamine, dlemyleiie-ethanoldiarnine. diethanolamlne tertW 

6. A binder for a mold comprising a uniform mixture, containing 5-50 parte by weight as SIO, of an oroa- 
no-eSlcasol, 1-30 parts by weight of an alkyi-lrialtoxysaane. in which the alkoxy group and the alkyl group each 
have 1-4 carbon atoms and the alky) group have at least one amino group, and 1-30 parts by weight of a to- 
M-^xlde of TI, Zr. Sn or a trt-alkoxlde of Al or In In which the alkoxy group has 1-4 carbon atoms, or a mblm 
thereof. 

7. The binder for a mold as claimed in claim 6, wherein the organo-aUicasol is a dispersion of a colloidal 
sflica having a particle size of 5-1 00 mu as dispersed in hexane, heptane, benzene, xylene, toluene propanol 
butanoi or a uniform solution thereof, the content of the colloidal silica being 5-60% by weight in terms of Si0 2 ' 

8. The binder for a mold as dafmed in anyone of claims 6 and 7, wherein the alkyl-trialkoxysilane is H2- 
aminoethyf) aminopropyltrimethoxysiiane, r^inopropyttriethoxysilane or bis [3-<Hethoxysilyl)propyl] amine. 

9. The binder for a mold aa claimed in anyone of claims 6-*, wherein the alkoxide of Ti, Zr, Sn. Al or In Is 
propoxJde or butoxide of the metal. 

1 0. A binder for a mold comprising a uniform mixture, containing 5-50 parts by weight as Si0 2 of an orga- 
no-sWcasol, 1-50 parts by weight of an alkyt silicate, an alky* poiysDIcate having a polymerization degree of 
2-10, an alkyi-trialkoxysBane, an aryttrialkoxysHane. in which the atkyl group and the alkoxy group each have 
1-4 carbon atoms, the aryi group have 6-8 carbon atoms, and any of the alkyl group, the alkoxy group and the 
aryl group do not have an amino group, or a mixture thereof, 1-30 parte by weight of a binder-soluble amine 
and 1-30 parts by weight of an alkoxide of Ti, Zr, Sn, Al or In or a mixture thereof. 

1 1. The binder for a mold as claimed in claim 1 0, wherein the organo-slicasol Is a dispersion of a colloidal 
sflica having a particle size of 5-100 my as dispersed in hexane, heptane, benzene, xylene, toluene, propanol, 
butanoi or a uniform solution thereof, the content of the colloidal silica being 5-60% by weight as SIOj. 

1Z The binder for a mold as claimed in anyone of claims 10 and 1 1 , wherein the alkyt silicate is ethyl sHicate 
or isopropyl silicate. 

1 3. The binder for a mold as claimed In anyone of claims 1 0-12, wherein the aikyi poly-silicate is ethyl po- 
ly-silicate or isopropyi poly-slicate. 

14. The binder for a mold as claimed in anyone of claims 10-13, wherein the amine is piperidine, ben- 
zylamine, dibutylamine, morphollne, ethanolamine, N-methylethanolamine, dlmethylethanoiamine, 
aminoethylethanolamtna, aminoethyldiethanolamine, diethyiene-ethanol diamine, diethanolamine, tert-buty- 
lene-glycoiamlne. triethanolamine, H2-aminoemyl)amlnoprapyl-tr«tiethoxysHane. y-aminopropyitriethoxysi- 
lane or bis rXtriethoxyslyl)-propyi] amine. 

15. The binder for a mold as claimed in anyone of claims 10-14, wherein the alkoxide of Ti, Zr, Sn, Ai or 
In is propoxide or butoxide of the metal. 

16. A binder for a mold comprising a uniform mixture, containing 5-50 parts by weight as SI0 2 of an orga- 
no-sOieasol and 1-30 parts by weight of an alkyl-triatkoxysilane In which the alcoxy group and the alkyl group 
each have 1-4 carbon atoms, and the alkyl group lias at least one amino group. 

17. The binder fore moid as claimed in claim 16, wherein the organo-slicasol is a dispersion of a colloidal 
silica having a particle size of 5-100 mp as dispersed in hexane, heptane, benzene, xylene, toluene, propanol, 
butanoi or a uniform solution thereof, the content of the colloidal silica being 5-60% by weight as Si0 2 . 

18. Tne binder for a mold as claimed in anyone of claims 16 and 17, wherein the aJkyi-trialkoxysilane is 
y-(2-aminoemyi)amlnopropylti1methoxysiIane, r-amlnopropyltriethoxysaane or bis [3-(triethoxys!lyl)propyi] 
amine. 



AnsprOche 

1 . Formbindemlttel auf der GrundJage elner elnhelflichen Mischung enthaltend (a) 5 bis 50 Gew.-TeBe elnes 
Organo-Silicasols, als SIO2 gerechnet, (b) 1 bis 50 Gew.-TeHe elnes AJkyUflfcats. elnes Alkylpolysllflcats mit 
einem Polymerisationsgrad von 2 bis 10, eines Alkyl trial koxysQans, eines Aryttriaikoxysilans, wortn die Alkyl- 
gruppen und die Alkoxygruppen jeweBs 1 bis 4 KohlenstofTatome autweiaen und die Arylgruppe 6 bis 8 Koh- 
lenstoffatome umfa&t und die Alkylgruppen, Alkoxygruppen und Arytgruppen keine Amlnogruppe aufweisen. 
Oder eine Mischung davon, und (c) 1 bis 30 Gew.-Tefle elnes in dem Blndemittel Ifislichen Amins. 

2. Fofmbindemittal nach Anspruch 1 , worin das Organo-Slicasol eine Dispersion eines kolloldalen S3 idum- 
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